The pathophysiology of rest tremor in Parkinson's disease (PD) is not well understood, and its severity does not correlate with the severity of other cardinal signs of PD. We hypothesized that tremor-related oscillatory activity in the basal-ganglia-thalamocortical loop might serve as a compensatory mechanism for the excessive beta band synchronization associated with the parkinsonian state. We recorded electrocorticography (ECoG) from the sensorimotor cortex and local field potentials (LFP) from the subthalamic nucleus (STN) in patients undergoing lead implantation for deep brain stimulation (DBS). We analyzed differences in measures of network synchronization during epochs of spontaneous rest tremor, versus epochs without rest tremor, occurring in the same subjects. The presence of tremor was associated with reduced beta power in the cortex and STN. Cortico-cortical coherence and phase-amplitude coupling (PAC) decreased during rest tremor, as did basal ganglia-cortical coherence in the same frequency band. Cortical broadband gamma power was not increased by tremor onset, in contrast to the movement-related gamma increase typically observed at the onset of voluntary movement. These findings suggest that the cortical representation of rest tremor is distinct from that of voluntary movement, and support a model in which tremor acts to decrease beta band synchronization within the basal ganglia-cortical loop.
Introduction
Parkinson's disease (PD) is a movement disorder characterized by severe loss of dopaminergic neurons in the midbrain. This manifests in several cardinal symptoms including a 4-7 Hz tremor at rest, rigidity, bradykinesia, and postural instability (Hoehn and Yahr, 1967) . Though many early studies searched for a single "generator" of tremor activity, it is now thought that rest tremor emerges from changes in the network dynamics of the basal ganglia-thalamocortical loop and cerebellothalamocortical loop (Helmich et al., 2012) . Tremor related oscillatory activity has been observed throughout these networks, through single unit recording (Hutchison et al., 1997; Levy et al., 2002; Levy et al., 2000 Levy et al., 2002b ) and local field potentials in the subthalamic nucleus (Reck et al., 2009; Weinberger et al., 2009) , and in mapping of cortical connectivity through the use of magnetoencephalography (MEG) (Hirschmann et al., 2013; Timmermann et al., 2003; Volkmann et al., 1996) and electroencephalography (EEG) (Hellwig et al., 2000) . However, most previous studies have recorded only from basal ganglia or cortex rather than studying the simultaneous activity necessary to observe network changes corresponding to rest tremor.
An understanding of the pathogenesis of rest tremor may provide insight into several mysteries related to the clinical presentation of tremor in patients with PD. Unlike other PD symptoms, such as bradykinesia or rigidity, the severity of tremor does not correlate with dopaminergic cell death in the striatum (Pirker, 2003) . It also does not correlate with the severity of the other motor symptoms (Deuschl et al., 2000 (Deuschl et al., , 2001 . Tremor-dominant patients have slower progression of disability and better prognosis than patients without tremor (Hoehn and Yahr, 1967) . These characteristics suggest a pathophysiological distinction between PD with rest tremor and PD without rest tremor. Recent authors have postulated that these distinctions may indicate a compensatory role for rest tremor (Zaidel et al., 2009; Helmich et al., 2012) . One theory of parkinsonian bradykinesia implicates excessive neuronal synchronization in the beta (13-30 Hz) band within and between structures of the motor network (Hammond et al., 2007) , and detailed examination of the network changes underlying rest tremor would 
